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AMS Verification Today

Too Slow for Software and System Validation

| Seitiere
12

* Engine

— Analog Mixed-
Signal Simulation
(SPICE + SV)

® AMS
Simulation

SPICE Analog Behavior

» Advantage
— Accuracy

 Disadvantage ﬁ
Digital HW

— Slow
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What's Needed

System and Software Validation for AMS Designs

* Engine
— Ability to execute _
software workloads o gy e T
real Adc_v;ut g
always Q@(en0 or enl or vin p or vin n)
- e vin p = vin p- Fast
* MOdeIIng o.;:‘c:)loEooﬁﬁ’u97525};> ]
. if ((enl == 1'b0)&&(en0 == 1'bl))
— Using standard begin Engme
Adc _vout = -
language 0.5173493604301479*Adc_vin_p
vout = Adc_vout + 0.6210014975288305;
- Accuracy Analog Behavior

— Sufficient for system ﬁ
level integration

analysis Digital HW
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DARPA POSH — Phase 1 Result: AMS Emulation

System and Software Validation for AMS Designs

Software
« Engine G NEW: AMS Emulation

— Emulation

* Modeling

— Real Number Model
using SV data type

* Accuracy

— Sufficient for system
level integration
analysis

Analog Behavior

g
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Demo Time: Let's Take a Quick Look

Y synorsys

Control SW

¥

Synopsys USC University of
Desi gnWare® uthern California Testbench

ARC® EM

Processor | Sensor

Digital/Analog
- Converter
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SPICE Conversion to RNM Demonstration (1)
FLOW

Y synorsys

We will display the input netlist (a mix of digital and analog content),
show how the tool recognizes and separates this content, run SPICE,
convert the netlist to RNM and display it (takes only 1 second to
simulate RNM vs. 70 for SPICE), and compare the simulation output of
SPICE input agalnst RNM output

demo_open_forum - /remote/vgsourcel2/yishai/Cliento/degem_sources/ (on ntol)

File Edit Search Preferences Shell Macro Windows Help
demo_open_forum |Sine12b.tel | x|
fremote/vgsourcel2/yishai/Client0/degem_sources/demo_open_forum byte 34 of 298 L:2 ' C: 18

1 # Show Netlist

2 ne circuits/MINE/DAC/dac12bumask .sp

3

4 # Create vectors

5modelingk1ne12b tcl 200.0 4096 4 12

6

7 # Run HSPICE

8 log hspice circuits/MINE/DAC/dac12b.sine.harness.sp
9

10 # Show RNM
11 modeling/dac12b.v
12

13 # Run RNM

14 log modeling/RunRNM.tcl

15

16 # Show wave forms

17 wv dacl2b.sine.harness.tr0 sine.rnm &
18

19

20

21
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SPICE Conversion to RNM Demonstration (2)

Snippet of DAC SPICE netlist

Y synorsys

File Edit

D A P B ote SO e a e D/dege 0 e DA 0 U

Search Preferences Shell Macro Windows Help

fremote/vgsource12/yishai/Client0/degem_sources/circuits/MINE/DAC/dac12bwmask sp byte 0 of 6381 L1 Co

76 r9 p9 p9t 2ed

77 ra9

78 ra pa pat 2ed

79 rab

80 rb pb out 2e4
81 .ends

82

83 .subckt opamp gnd gdd vin_n vin_p vout
84 r0 vout vin_n 5e9
85 rl ibias net030 1.9141e3 M=1

86 mt1
87 mnl
88 mn0
89 mt2
90 mp0
91 mp3
92 mp2
93 mt4
94 mpl

95 .ends opamp

96

97 .subckt switch s out a0 al vdd gnd
98 xinv s sb vdd gnd inv

99 mp0
100 mn0
101 mpl
102 mnl

103 .ends

pat p9t led

pat out led

net065 vin_p net020 vdd fetp L=1e-6 W=8e-6 AD=2.24e-12 AS=3.84e-12 PD=560e-9
net020 net085 vdd vdd fetp L=1e-6 W=10e-6 AD=5.6e-12 AS=7.6e-12 PD=1.12e-6 P
net085 net085 vdd vdd fetp L=1e-6 W=10e-6 AD=5.6e-12 AS=7.6e-12 PD=1.12e-6 P
vout vin_n net020 vdd fetp L=1le-6 HW=8e-6 AD=2.24e-12 AS=3.84e-12 PD=560e-9 P
ibias ibias gnd gnd fetn L=2e-6 H=10e-6 AD=2.8e-12 AS=4.8e-12 PD=560e-9 PS=2
net085 ibias gnd gnd fetn L=2e-6 W=10e-6 AD=2.8e-12 AS=4.8e-12 PD=560e-9 PS=
vout net065 gnd gnd fetn L=2e-6 H=2e-6 AD=560e-15 AS=960e-15 PD=560e-9 PS=4.
ibias vdd gnd gnd fetn L=1e-6 W=5e-6 AD=1.2e-12 AS=1.2e-12 PD=5.48e-6 PS=5.4
net065 net065 gnd gnd fetn L=2e-6 W=2e-6 AD=560e-15 AS=960e-15 PD=560e-9 PS=

out s a0 vdd fetp L=1e-6 W=40e-6 AD=2.24e-12 AS=3.84e-12 PD=560e-9 PS=16.96e
out sb a0 gnd fetn L=1e-6 W=20e-6 AD=2.8e-12 AS=4.8e-12 PD=560e-9 PS=20.96e-
out sb al vdd fetp L=1e-6 W=40e-6 AD=2.24e-12 AS=3.84e-12 PD=560e-9 PS=16.96
out s al gnd fetn L=1e-6 W=20e-6 AD=2.8e-12 AS=4.8e-12 PD=560e-9 PS=20.96e-6
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SPICE Conversion to RNM Demonstration (3)

SPICE conversion tool recognizes and separates digital and analog circuits

Digital: Quantization by Bit Masking
Digital/Analog: 12 bit D/A

i »e — = > / v'- J ~~}
i ] o = & J

& £

- ¥

1 ;

£
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SPICE Conversion to RNM Demonstration (4)

SPICE simulation takes 70 seconds (RNM takes 1 second)

Y synorsys

File Edit View

nodes
resistors
mutual inds
cces
curr_srcs
jfets

T elements
S elements
vector srcs

3

33 R R

analysis
op point
transient
readin
errchk
setup
output

job

binfo:

otal run time:

**xx** Runtime

Search Terminal Help

384

o000 Q®

time
0.01
68.52
0.72
0.07
0.01
0.00

started at

job ended at

LR S

peak memory used
total cpu time
total elapsed time

elements
capacitors
vCCes

ccvs
diodes
mosfets

W elements
P elements
N elements

Statistics (seconds)

# points
1
20001

L LU [N [ | N L O LI B |}

128
1 # inductors = 0
0 # vecvs = 0
® # volt srcs = 15
0 # bjts = 0

81 # U elements = 0
O # B elements = 0
0 # va device = 0
0

tot. iter conv.iter
26
319429 220492 rev= 15005

556.14 megabytes
69.@URATION seconds

70.@DURATION seconds

14:28:00 06/27/2019
14:29:10 06/27/2019

#*x** hspice job concluded

70 seconds

lic: Release hspice token(s)
lic: total license checkout elapse time: 0.74(s)
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SPICE Conversion to RNM Demonstration (5)

Snippet of RNM generated (note mix of digital Boolean and analog real numbers)

Y synorsys

dacl2b.v - /remote/vgsourcel2/yishai/Client0/degem_sources/modeling/ (on nt01)

File Edit Search Preferences Shell Macro Windows

fremote/vgsourcel2/yishal/Client0/degem_sources/modeling/daci2b.y byte 0 of 1086

input i5;
input i6:
input a7:
input a8;
input a9:
input aa:

a5=i5Im1&m2;
a4="m0&(idIm1&m2) | (i4Im2) &m0 ;

real conversion:
output real out:;
always @(%) begin

YN Yo X Nl e Lo TR
= -

=VsOOUTY

-0.38170738623046835 : 0)+\
-0.19168871142578098 : 0)+\
-0.09636313037109301 : 0)+\
-0.04847353076171851 : 0)+\
.024415115722657033 : 0)+\
-0.012302542480469802 :
-0.00620543701171955 :

- : 0)+\
-0.001559899902343842 : 0)+\
-0.0007908530273444958 : 0)+\

D D D D D D D D D D
|
o
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SPICE Conversion to RNM Demonstration (6)

Comparison of SPICE vs. RNM simulation output waveforms

Custom WaveView Version P-2019.06 Synopsys, Inc. (on nt0l)

Fle Waveform Tools Configuration emo O
9 &% Update AV XY =t Cursor, |*x Radix £ D m |l FFT/DFT & Undo
& Print K| Eye Diagram ‘ = (x) /A d4Dto A = —
Export == Tabular v| lwsAction  |<r SigName | & Ato D v ¥ Delete All
Open D ‘1 Seree Wave Table ! Hist ; | % Displ T Height Equation Measure Signal = t T & Select V
Waveform |joZ DUMP SCreen sl viay yiew || &4 Histogram — Sf | Display, £ Height. | ‘gyjider  Tool  Finder | JUervs Time i g elect View . | settings _

o | - - |NTITEN

Filter: ~ | JolllgecaaeetmaanEnach |Bx Rl . [4o
= DO0:dac12b sine harness tr0 0
£ toplevel

=} DO:sine.mm

& toplevel

Filter: ~ | R e

time(sec) (lin)
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AMS Emulation (1)

Debugger at breakpoint showing calibration software running on ZeBu emulator

«™ Applications Places System B & [ Thu jun 27, 5:41 PM
™ ZeBu Run Control Interface - 0O X ™ oraikhm@vgzeburtd9:/slowfs/vgzebucaelO/oraikhm/f - 0 x
® xclock . *
Run Control LA Control Memory Control . Copyright (c) 2005-2018 .
Run ‘ Select LA Load FromB & MetaWare Debugger - eri_summit_demo.elf - ARC (ARC API) (ARC_DLL) (on vgzeburt49) el
. Eile Display Tgol Windows Program output Help
14:41 Group JtagGroup : M -
IR Enable LA ci > a3 %1
HWTop.jtag_tck 591,220 Cycles o
= T Store §Restant  Run Sre Into er Step Out Animate
’Lu il Store 1 - Local Vanables X | 4 - Source: /slowfs/vgzebucae 10 oraikhm/ERI_SUMMIT feri_summit_demo.c x
T A 6 " Source v & o » iz b & Find v
Group myGroup_uart : T Son N & beax showpe m StackUp StackDn Hover
Top-Asaet_Sciic 25.980,775 Cycles nain eri_sumwit_dewo.c!?7 through eri_sul 733 -
unsigned int NpatternsSent = 0 74
@ volatile int *SensorDataln = 0x30000000 ¢
@® 1nt *PatternDataPSINE = 0xalO00000 UART1*** * {on vgzeburtd9) =
Group myGroup : @ int *DACDatadut = OxTOO00000 int main (int argc, char **argy) {
Dynamic Probes Clock HWTop.ref clk 25,980,928 Cycles volatile int sensorvValue = 0 ¥
St
s LoadSinefunctionPatternbata();
Fast Wave Capture Waveform Dump (off)
Power Estimation Flle Clock: 84 (1) read a valt e ANS sensor
| | 85 (2) change a frequency of the transaitted
[ Viewer | 4 L] 86 (3) goto 1
=TT 87 v/
2 - Global variables x» 88 while (ifPatternTransmittionDone()) {
Name = 89 NpatternsSent++;
Exit - 90 //read Tempature sensor value
ik @ int *DACDATADUT = OXTOC 0 ~ 91 sensorvValue = ReadSensor() ;
unsigned int NpatternsSent = 0 . 2; J/cont the DAC
> ® 1nT *PatternDataPSINE = 0xa0000000 4 N O o
Tcl command ® « ko] N = 94 17( sensorValue > HI_VALUE ) DriveSine_Pa
| ¢ » 95 else if ( sensorValue < LOW_VALUE ) Drive
. sy [Ny S IV OV U S S PSS SO x else DriveSine_Pattern2DAC(MEDIUN_FREQUEN
" et |IND actor SM_FPU/bus 1d/synopsys_zebu/q 3 - Call Stack x
st |INFO JTRG Xactor JCSH_FPU/bui 1d/synopsys_zeb ¥ 3 LIS )
i IND JTRG. Xactor & % 2 99 printf(" Never get here %d\n",NpatternsSent);
W st |INFD JTHG Xactor Locals Source pc/fp | T ( [ \n*, 54 : -~
" t |INFO JTRG_ Xact M_FPU/bui 14/ zebu/ -
|1 JTAG Xactar e o Debug Console * | T R x
JTAG_Xact: el g eri_s T 21t o C_DLL (AR PI) (A [
”,-(:"(:L:. [4% going "l'f‘mf”.' 0 I-‘uln ARC.DLL (ARC APT) (ARC_DLL~ Reg expn - # _o
Jb’ﬁ-(;ctcr er a1t _deno.e1T: Cess created Num-  Clear
o L vS.02[Nov 6 2018) (C 9-2018 Synd &
TTHG_Xactor Bu OLL v3.02[Nov 6 2018] (C) & 1: === PROCESS eri_susait_demo.e1f OUTPUT FOLLOWS ---
dll_help' Tor inter help.
in analysis: input OxTf, OUTPUT DIT stream ¥
[ 2] main() = eri_sunnit_demo.cl77 -
Recw . [ 1) _mwcall_sain()+0x7a 4 4
Recvd 84 ... [ 0) _arc_main()+0x32 Breakpoints Watchpoints Debug Console
Commandt v[ Etopped
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AMS Emulation (2)

At 2:42 PM, remove breakpoint and let emulator run (@ 2 MHz)

w ™ Applications Places System ‘ & |7 Thu jun 27, 5:42 PM
™ © xclo = ZeBu Run Control Interface - x ™ oraikhm@vgzeburtd9:/slowfs/vgzebucaelO/oraikhm/i . ] X
ock
d Run Control LA Control Memory Control . Copyright (c) 2006-2018 .
Run select LA | Load From B MetaWare Debugger - eri_summit_demo.elf - ARC_DLL (ARC API) (ARC_DLL) (on vgzeburt4s) =
_— File Display Windows Help
Group JtagGroup : M ¢
HWTop jtag_tck 704,809 Cycles Enable LA 3 =7
- T Store { Restan Stop v
’L = i) Svore 1 - Local Yariables X || 4 - Source: /slowfs/vgzebucae10/oraikhm/ERI_SUMMIT feri_summit_demo.c x
A (& Jior s » @ o T ey
Group myGroup_uart : T Son ikt TI® peak snowpc M Stack Up Hover A4
Clock HWTop.uart_sclk 107,706,393 Cycles axin erl_suait des.ci?? through ari_su =y =
Stop unsigned int NpatternsSent = 4 74
@ int *SensorDataln = 0xa0000000 75
@® int *PatternDataPSINE = 0xalO00000 7
Group myGroup @ int *DACDatalut = OxTOO0A000 77 int main (int arge, char *vargy) {
Dynamic Probes Clock HWTop.ref_clk 107,706,541 Cycles. volatile int sensorvValue = 1200 (0x4b0) 7% ’ i
St | » <
— . |® 80 LoadSinefunctionPatternbata();
Fast Wave Capture Waveform Dump (off) gi
83 /* simple calibration loop
E s File: Clock: 84 (1) read a value from the AMS sensor
| 85 (2) change a frequency of the transaitted sine function
Viewer 3 2 8 (3) goto 1
== = 87 v/
2 = Globat Varabies x»l 83 while (ifPatternTransmittionDone()) {
Name o | % 89 NpatrernsSents+;
Exit & ! % //read Tempature sensor value
@ int *DACDatadut = OXFOO00000 - L)_l\ sensorValue = ReadSensor() :
unsigned int NpatternsSent = 4 % .
Tcl command @ Int *PatternDataPSINE = 0xalO0O000 93 //LWI”QU'\E the DAC o .
@ int *SensorDataln « 0xa0A00000 94 17( sensorValue > HI_VALUE ) DriveSine_Pattern2DACCHIGH_FREQUENCY);
gnsigned int Citor ;] else 1T ( sensorValue < LOW.VALUE ) DriveSine_Pattern20AC(LOW_FREQUENCY);
e T e T T e I T e e else DriveSine_Pattern20AC(MEDTUN_FREQUENCY);
W st |IND JTAG_Xacter SH_FPU/bui 1d/eynopsys_zebu/s 3 - Call Stack |
" ot [INFO JTRC Xactor 64 JCSH_FPU/bul 1d/sunopeys _zeby ¥ ;| A | )
e2) IO JTAG_Xactor * 5 inefet N here %d\n".Npa Sent):
W st [INFO JTAG_ Xactor | % Locals Source pec/fp | T printf(" Never get here %d\n", NpatternsSent); =
JTRG_ Xact M_FPU/bui | d/synopsys_zebu/3
,m(,_::tz: ’ aiiia iy Debug Console X || 7 - Program output x
JTRG Xactor €
a6 Reg expn - # O

JTAG_Hactor Recvd. y Sl g
5 g 1: === PROCESS eri_sumnit_demo.elf OUTPUT FOLLOWS ---
JTAG_Xactor

J;k}_w:'.»:r 1 NpatternsSent++;
JTAG Xactor tion 0 yreakpoint 2([#5]),

[ 23 »2ain()+0x8 = eri_sunmit_demo.cl89
[ 1) _mwcall_smain()+0x7a |
[ 0) —arc_main()+0x52 Breakpoints Watchpoints Debug Console

Command
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AMS Emulation (3)

At 2:57 PM, 15 seconds

later,

have already run over one billion cycles

« ™ Applications Places System 6 o ¥
— ZeBu Run

® xclock . x

Thu Jun 27, 5:57 PM

Run Control

Group JtagGroup :

HWTop.jtag_tck 1,080,382 Cycles

»

Group myGroup_uart :
Clock HWTop.uart_sclk 1,002,027,782 Cycles

Stop

Control Interface
LA Control
Select LA| Load From)
M
Enable LA
Store

Store

Group myGroup

Dynamic Probes Clock HWTop.ref_clk 1.002,027,938 Cycles

Fast Wave Capture Waveform Dump (off)

- 1. ™ oraikhm@vgzeburtd9:/slowfs/vgzebucaelO/oraikhm/t - 0 x
Memory Control . Copyright (c) 2006-2018 .
B MetaWare Debugger - eri_summit_demo.elf - ARC_DLL (ARC API) (ARC_DLL) (on vgzeburt49) (Sl e
Eile Display s Windows Help
ci n o
Restan Stop
2 - Clobal Variables 4 - Source: /slowfs/vgzebucae10/oraikhm/ERI_SUMMIT feri_summil_demo.c x
® o v A
Name v v & o > i v 3 - oF -
Break ShowPC Disasm StackUp StackDn Hower
@ int *DACDatalut = 0xfOO00000 ) -
unsigned int NpatternsSent = 4 Y
@ int *PatternDataPSINE = 0xad000000
@ int *SensorDataln = 0xad000000
o UnS1gned 10T Co Q 77 int main (int argc, char **argv) {
3 - Call Stack x i
oo ome >
L 80 LoadSinefFunctionPatterndata();
Locals Source pec/fp 81
82
83 /* siaple calibration loop
84 (1) read a value from the AMS sensor
85 (2) change a frequency of the transaitted sine function
86 (3) goto 1
87 v/
88 while (ifPatternTransmittionDone()) {
« 89 NpatternsSent++;
9% //read Tempature sensor value
91 sorvValue = ReadSensor() ;
92
a3 //conTigure the DAC
94 17( sensorValue > HI_VALUE ) DriveSine_Pattern2DAC(HIGH_FREQUENCY);
as else if ( sensorValue < LOW_VALUE ) DriveSine_Pattern20AC(LOW_FREQUENCY);
96 else DriveSine_Pattern20AC(MEDIUN_FREQUENCY),
97
98 }
99  printf(" Never get here Xd\n" NpatternsSent); -
Debug Console X |17 - Program output x
Flushing syst 21| Reg expn - # 0
Susait Npatterns: L4 bt Num - Clear
oint 2(#4), ../ou/eu /ot S 1: === PROCESS eri_summit_demo.elf OUTPUT FOLLOWS ---

$ Npatterns
reakpoint 2[#5),

eri_sumnit_deno.cl94+
7a

[ 2] sain()+0x1a
[ 1] _swcali_main
[ 0] _arc_main()
«f . I T Bre

4

Watchpoints

Debug Console

[Command

Power Estimation Flle Clock:
Viewer
Exit
Tcl command
D T T T ey HI VOO T S
" s |INFD JTAG_Xactor M_FPU/bui 1 d/sunops
" ot [INFO JTRG_ Xacter JCSH_FPU/bui 1d/ sunopsys
es) INFO JTi actor 64
W st [IND JTAG Xactor Recvd B4 ,
= v S lon Vataburtas) SR SM_FPU/bui 1 d/synopays zebu/
bs| 0
[us [us.. [sn.. [sn.. [us... [us.. [RE [sn. [eri..

Y synorsys

[Co. § [<V. [ap... y [<V.. [VE ® xclo... | ™ vgz... vgz ™t [ eo=,, ™ ZeB B Met... =
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AMS Emulation (4)

Analog waveform output from simulator shows circuit working

™ Applications Places System l &= ¥ Mon Jul 1,11:44 AM

<Verdi:nTraceMain:1> rom_tb.D1 dacl2b (dacl2b_sine.v) - /fremote/.../emulation/myfwc.ztdb (on snpsemta77)

file View Source Onelrace Simulation Emulation Tools Window Help

- £ AN " - e - @
5 ML O 72 E-00«»0D i 2
»

De.on o r_D = |0 *Srclirom_tb.D1{/remote/vgchlcae/ritikar/ZeBu/degem_sources/dacl2b_sine.v)

— A 10| input il;

B £] uc_viog_lib 11| input i2;
12 dinput 13;
13 input i4;
14| dinput iS;
15| input 16;
16 input a7,
17| input 8
18] input a8;
19 input aa;
20| input ab;
21 wire sb=if|m0imlim2;
22| wire aSeiS|mlim2;
23| wire admemD&(id |nlsm2) | (id In2)8a0;
24| wire aleidm2;
25| wire al=-m2sm0sml|iZimZ;
26| wire al=il|ml|m2;
27| wire ab=eml&m25m0]i0|nl|ng;
2B real conversion;
29 output rea

*<nWave 2> fremote/vgchl caefritikarZeBuidegem_sourcesfemulationfmyfwe ztdb

File Signal View Waveform Analog Tools Window

r XL 0

k

| Selected: /rom_th/D1/out

[snpse... [snpse... [us0 [usO1l... [REA g - VERDI ... | @ [xcloc... | i READ...
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AMS Emulation: Summary and Next Steps
Results From DARPA POSH - Phase 1

* What you saw today Software
— AMS emulation is working

@
— AMS emulation delivers expected performance |
— Validation of AMS SoC including SW s vin_p ox vin. i) i)

* Next Steps

NEW: AMS Emulation

Analog Behavior

— Continue to optimize AMS emulation technology - S ZeBU Server4
— Enlarge the AMS emulation partner community
Dlgltal HW

— Develop complementary AMS assertions
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